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ABSTRACT 

Designed to assist teachers in the improvement of 
science instruction at the secondary level, this first of a three 
part series of guidebooks from the Opportunity Systems in Science and 
Technology Study project focuses on the topic of scientific literacy. 
Ideas and materials for inservice workshops are provided under the 
categories of: (1) what is scientific literacy (defining and 
discussing the five components of scientific literacy); (2) fostering 
scientific literacy (suggesting instructional methods and pointers 
for effective use of scientific literacy coaq^nents); (3) why is 
scientific literacy important (highlighting the benefits of using 
scientific literacy components); and (4) training notes (presenting 
materials that can be used in inservice workshops for high school 
science teachers). (ML) 
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WHAT IS SCIENTIFIC LITERACY? 



BACKGROUND 



With today's renewed focus on Improving the education of 
our youth, science Instruction Is receiving Its fair share 
Jh/Snil!!"!; J"""^ °/ attention is fueled by a concern that 

fJ! r^lJ maintain a large pool of scientists and. thus. 

Us competitive position worldwide. There also is attention on 
wr.r!!? Hi citizens to be scientifically literate In our 
llfJr^? socie ty, ^ut what d oes bein g scien- 

tifically literate really mean? What can you do to help your 
students achieve scientific 1 Iteracy ? 



"!^^**!!lf now to think about what the term 

scientific literacy" means to you. 



Scientific literacy Is a term used to refer to a set of goals 
Shared '>y^'nof * scl ence education experts. The term was first 
used In the I950's as a "rallying symbol" without any clear 
derinltion. By now, many science education experts have given 
their own definition of scientific literacy. Most of these 
definitions have much In common. Taken together, we can think of 
scientific literacy as a framework made up of file components. 

THE FIVE COMPONENTS OF SCIENTIFIC LITERACY 

The scientific literacy framework consists of five components: 

1. Explaining the Content of Science. 

2. Relating Content to the Social Historical Process of Science. 

3. Relating Content to the Reasoning Process of Science. 

4. Relating Content to the Societal lapact of Science. 

5. Relating Content to the Personal Use of Science. 

As you can see, the first component concerns being able to 
communicate the content (I.e., terms, facts, and concepts) of 
nas? nli i P'"^'"*!:^ 9oal of science Instruction, both 

past and present. The rejialnlng components are termed "relating" 
components. These components represent four different contexts 
tir„^.l °f science. In short, when presenting any par- 

JiJL rfM" science. It Is possible to refer to one or more 
or these relating components to provide a larger context of 
meaning. Tnis notion of providing a context of meaning will 
become clearer as you read along. 
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The relationship among the five components of scientific 
literacy is presented in Figure 1. This figure shows the central 
role of Explaining the Content of Science. Each of the relating 
components is portrayed as a potential source for providing a 
context within which the content of science can be learned and 
understood . 



Can you think of some occasions when your students 
have displayed familiarity with one or more of the 
relating components of scientific literacy? 



DEFINING THE FIVE COMPONENTS OF SCIENTIFIC LITERACY 

Students' knowledge of the five components of scientific 
literacy can be fostered through several means. For example, 
lao'it students probably pick up some understanding of scientific 
phenomena and the context for these phenomena through experiences 
outside of school -- whether by their own natural curiosity, 
visiting science museums, or by watching a science series on 
televlson. When students take science courses in school, there 
also are numerous ways they may become scientifically literate. 
They may learn scientific literacy through the textbooks that 
they read, the assignments they complete, the films they watch, 
the non-graded activities they participate in, and through what 
they hear in presentations made by you or guest speakers. 

In this pamphlet, we want to concentrate on defining scienti- 
fic literacy in terms of some ways that teachers can foster it 
with their students . Here, it helps to think in terms of those 
aspects of your classroom and teaching where you can exercise the 
most control. For example, you do not have much control over the 
content of your main textbook and supplementary materials. Thus, 
if your current textbook does not consistently address at least 
one of the scientific literacy relating components, your textbook 
Is not an important scientific literacy resource for your stu- 
dents. In contrast, the presentations and work asiiignments that 
you give to your entire class are aspects of your instruction 
that you can shape to your goals. Thus, if you make a point to 
address the scientific literacy components in your presentations 
and work assignments, these presentations and assignments become 
an Important avenue through which your students can achieve 
scientific literacy. 

Let us turn, then, to reconsidering each of the five 
components of scientific literacy. Below we define each compo- 
nent In terms of the kinds of steps you can take as a teacher: 




EXPLAINING THE CONTENT 
OF 
SCIENCE 
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E xplaining the Content of Science 

Terras, facts, and concepts are fundaraental to specific sci- 
ence topics. This basic content is the foundation for under- 
standing many of the essential phenomena of earth's life systems. 
For example, if you are teaching students about the digestive 
system of raararaals, the naraes and functions of several organs as 
well as the role of digestion are basic content you need to 
explain. 



Relating Content to the Social Historical Process of Science 

Scientific knowledge Is not acquired through the discovery of 
sets of preexisting facts; rather, it accuraulates as the work of 
individual scientists is recognized and accepted by other scientists 
and the public at large. Both, the scientific coraraunity and 
the lay public are often slow to recognize and assirailate new 
discoveries. You can coraraunicate the social historical process 
of science in specific or general terras. In specific terras, 
you can refer to the contributions of particular individuals in 
history and the way that these contributions took hold. For 
example, you could organize a topic on genetics using the history 
of the work of Mendel and his scientific coraraunity. In general 
terms, you can indicate that some aspects of scientific 
knowledge are the collective work of raany individuals addressing 
sirailar problems, without raentioning specific scientists. 



Relatinci Content to the Reasoning Process of Science 

Scientific knowledge is accuraulated through a set of agreed 
upon raethods and standards, and not in an arbitrary fashion. You 
are relating to this coraponent when you take a particular topic 
and illustrate how you can learn about the topic by observing 
natural events and forraulatirg and testing hypotheses. In the 
course of such a presentation, you raay also have occasion to cover 
the concepts of deductive and inductive reasoning, randoraness and 
probability, as well as the tools and raethods of raeasureraent. 



Relating Content to the Societal Irapact of Science 

Scientific knowledge in a particular topic area has led to 
technologies that, in turn, influence society. Often, you can 
raake a direct link between a technological product (e.g., a new 
fertilizer) and its social consequences (e.g., raore productive 
farraing, increased land use, raore pollution). You also will find 
that this coraponent lends itself especially well to the presenta- 
tion of raore than one point of view (e.g., the advantages and 
disadvantages of organ transplants), thus raodeling aspects of a 
decision-making process that students raay apply in their role as 
citizens. 
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Relating Content to th e Personal iise of Science 

It is'po^^^^l^*^J7lVu"tVa°tV t'ha"; scie^tv; "-e. 

ular topic areas can he^p students mlre 'nior'^e^^^ ''''''' 
their own health and their selection InnH decisions about 
and sources of energy. "lection of food, household goods. 



t?r ill l^^''^ °^ *" instance where you used one of 

pJeseSlaJ ^S *° ^'^IP orgSini ze'your 

presentation of one science topic? 



for Js"i:S%re"ctr„Vi°fl-c ltt:;aJ/??r»rw"."'/"^«"' approaches 
Then, we will present some imno?t/„. °""'' "^t" >«"r students, 
'tter.cy ,„ th^^^^^"^c"o^^ 'Xn^e^cu^rVlu^I?^ 
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FOSTERING SCIENTIFIC LITERACY 



INSTRUCTIONAL METHODS 

There are several instructional methods you can use to foster 
your students' understanding of the five scientific literacy 
components. First, you can address any of the five components in 
your verbal presentations to students through either short 
statements or longer "lecture-like" talks. A second way to 
develop students' understanding of scientific literacy is to write 
key points on the board and ask students to answer questions. A 
third technique is to get a discussion started among students 
about the connection between lesson content and the relating 
components. Finally, you can give your students assignments that 
tap their memory and understanding of the five scientific 
lit :acy components. 

But helping your students to become scientifically literate 
requires aore than just referring to the five components. You 
will become a more effective communicator of scientific literacy 
if you make scientific literacy one of your major instructional 
goals and systematically plan for how to include scientific 
literacy in each of your course topics. Below are several point- 
ers for how you can be most effective in using scientific literacy. 



POINTERS FOR USING SCIENTIFIC LITERACY 



nroduce your students to the scientific literacy framework 

ie beginn ing of the school yeaT I By familiarizing your 

Jnts with the structure and meaning of the scientific liter- 



• Introd uce 
at the bj 

"sTudents ^ ^_ -«.s..v...v. ■ ■ i,ci 

acy framework, you are increasing the 1^ kel i'hood that they will 
recognize and comprehend the connections you make between science 
content to the relating components. At the same time, you may be 
encouraging students to make their own connections to the 
relating components as they proceed through the course content. 

• iHiJi M yom" own scientific literacy resource folder . An 
analysis of today s most popular science textbooks indicates that 
they are devoted almost entirely to explaining science content, 
rarely making reference to any of the relating components. Thus, 
it probably will be necessary for you to compile your own set of 
scientific literacy resources. Here, the easiest approach is to 
set aside a special folder or notebook where you can place mater- 
ials and ideas that are potentially relevant to the topics you 
already teach, if you place these materials and ideas in the 
folder as you come across them, you will have valuable help when 
you sit down to plan your topics. 

• B^^o'"^ Z£Ji. begin, plan what parts of the scientific literacy 
framework win use andHiow you wiTT Tise them . — Uec'ldlng how 
to make the connection between scTence content and the relating 
components requires some careful planning before you introduce 
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Ho S!l^e^n?l^f^ri^,m^^^^ content Ij, m context of 
™.ke repeated co„„%c%"^s"w'a11 ^UKflT/rX^i? " 

relating componrnts i t Soil mt.n ^h'"!''^"^ connections to other 
ponents wil/?Sce?U lore attention U """^ ''elating com- 

gearing your yea^s curric *i"^^V A are 

topUs^raUe^SrarrnV^oVrirrAVnert'o-plVs"'"''^ """" 

the scientific literacy fraSlwork 5^cl ^^^^ students back to 
consistently ii<:(> thl i^/ ^ * ^1^°» important to 

"Now leJ'V ctnn . . l'"^"ase of the components as a cue (e a 
now, let s stop and consider what thSc - " a v.ue ve.g., 

society ."). ^-onsiaer what this may mean for our current 

^ tarry xne theme through the entire tnnir Th< ^ 
not mean that you have to devotP a ilJ^Tr ki T *°Pi^- This does 
relating component each day- ?ath!r [? "^""^ °^ ^^""^ *° ^''^ 
let your students lose siahi o? JSI'ci* ^"^^ not 

component as an organizing context for'thJt*„"i' °^ ^''^ relating 
on some days, you mav Drovirip inn„\J the topic content. Thus. 
Ing topic while on otEI^ : l°"9e'^ examples based on the relat- 

exaVple 'ir g Je short ones^'^'iM." ''''' "^''^ to these 

technique of givina occaslnn«i -ni contrasts with the 

sporadic use of an^^dotes may a*""*"^^^^^^^ ' 

than help them. '^''''''''^^ ""a^ actually confuse students rather 
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usutlly accounts for most of thtlr gradts. Thus, while you mav 

Vnll liMllJl?;.*" literacy relating components In 

your presentations, your students will pay little attention to 
these conponents In the long run unless your assignments reflect 
the same components. Thus, you should design or revise your 
laboratory, worksheet, and exam materials to include items that 
!?L^?r*?*"^!"** understanding and Interpretation of your chosen 
scientific literacy theme(s). 

AN EXAMPLE 

Teacher X teaches biology. Her next topic is on bacteria, 
viruses, and disease. When Teacher X sits down to plan this 
topic, she notes that the relevant chapter in her textbook makes 
SrJ!:.7?"*Jj" V ^•»*«"'' ^o'' "is work supporting the theory that 
bacteria affects fermentation and can cause disease. This leads 
Teacher X to consider the possibility of presenting the topic 
llullly V"/** disease In terms of the work of 

!I!f'^?M"^^\^^"f' scientists (i.e. relating content to the 
m m VriiiViifl P;5"»» °f science). When Teacher X then turns 
i?.5 r »c1ent1f1c literacy resource folder and a few supplemen- 
tary books, she finds that there are a number of historical 
events that can be used to give context to knowledge about bac- 

"""^ consideration. Teacher X 
sketches the following outline for herself: 

(1) Introduce the topic with an overview of the beliefs past 
societies have held about contagious diseases (e.g., ancient 
Greece, Middle Ages, early 19th century). Emphasize that human 
diseases, particularly the outbreak of various epidemics, were a 
major Impetus for scientists to begin looking for the agents of 
diseases. These agents turned out to be microorganisms. Two 
major categories of microorganisms are bacteria and viruses. 

(2) Introduce and contrast the basic structure of bacteria and 
viruses. Compare both with the typical cell structure. 

(3) Indicate that the current understanding of bacteria and 
viruses Is the result of the work of many Individuals, beginning 
In the 19th century. Take four Individuals as examples and 
describe their work. 

(a) John Snow's work (1850s) In determining the manner in 
cholera is spread. He theorized that this disease was caused by 
microorganisms, but his work did not confirm It. 

(b) Robert Koch's work (1870s) (also carried out elsewhere) 
in isolating the bacteria causing anthrax and tuberculosis. Koch 
was able to observe the bacteria under the microscope (unlike 
snow). Koch s unique contribution was to develop methods for 
studying bacterial growth In the laboratory. 

(c) Louis Pasteur's work (1860s-1880s) on germ theory 
(refer back to topic when spontaneous generation covered) and 
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FrederUk VJorT ?tor,"" "»"V^ laentlflea until the work of 

greatly he! oed scilnti clc V ^ . viruses have 

s any neiped scientists to understand the operation of genes. 

about"the Mnd TUtuttu!'tLT' ''''''' ' 9°^^ °" *° t^lnk 

throughout the week To«rhJ^J v l ^^v®"^*' recitations spaced 
klnds^rques^Jns She * *° of the 

recltatloSs She writes doJS .oVn„\'*!!?'i"*' Involved In the 

methods they wo'Lld uVe to tVaVk^-^ *° Indicate what 

Teacher X notes that thA A Identify the disease agent. 

social hIsJortca procS sJleSJe'??" ''''l'^'^' 

option, depending on tl,e level of I'ntl^'st TetSr^en" d"l splay. 
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MHY IS SCIEMTIFIC LITERACY IMP0RTAIIT7 



Scientific literacy is often talkedaboutas If It were a 
self-evident goal for science Instruction. Simply saying that 
scientific literacy is a "good goal," however. Is not enough to 
convince most teachers to go beyond teaching content and 
incorporate the relating components of scientific literacy Into 
their curriculum. Improving students' understanding of 
scientific literacy Is going to require extra planning, time, and 
resources; this may be a significant drawback to teachers as they 
feel Increased pressure to be accountable for their students 
learning the "basic facts" of science. However, we take the 
position that fostering scientific literacy has several benefits 
that far outweigh any drawbacks. These benefits are as follows: 

§ The scientific literacy framework is an Important organi za- 
,^^°f«r tool for the teacher" ScientlTTcTi teracy is not just a 
goal Tor students, it aiso provides a conceptual framework 
within which teachers can define and organize their instructional 
objectives end activities. The scientific literacy framework 
gives teachers an "organizer" that is at a higher level than a 
list of, say, 20 life science topics. It also gives teachers the 
opportunity to decide, for each topic, the major reasons why the 
topic content is worth teaching to students (i.e. where it fits 
in the broader scheme of human endeavors). Thus, the framework 
lays the basis for a coherent and rational presentation of the 
topic content 

• The scientific literacy framewvirk is an Important learnin g 
tool Tor students , it is known that Tn "tTTe natural learninq 
process, ootn children and adults develop sets of different 

mental schemas" based on their knowledge and experiences in the 
world. As people encounter new information throughout their 
lives, they place this information in existing schemas or else 
develop new schemes to accommodate it. Placing the information in 
schemes greatly Increases the likelihood that the information will 
be retained in memory for a long period of time. The process of 
formal schooling is often at odds with this natural process; 
students are called upon to memorize information for which 
they have no existing schemas. By presenting students with the 
scientific literacy framework, teachers are giving students a 
schema that may help students "place" the topic content, thus 
increasing students' ability to memorize and recall the material. 

• The scientific literacy framework helps students understand in 
what wap^lcTTn^ content Is meaningful . Students sometimes ha;;^ 
difficulty understanding why a subject matter is worth learning, 
particularly if they view the subject matter as a string of 
unconnected facts. The scientific literacy framework addresses 
this problem by providing students with a set of concepts that 
are likely to add meaning to topic content. For example, the use 
of the relating components makes it more likely that they will 
see how science links to other academic subjects (e.g., history. 
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mathematics) and to their own observations about their personal 
lives, current events, and society. 

• The scientific 1 iteracy framework helps to motivate students 
in scTence. While student learning and motivation clearly inter- 
act with one another, most research evidence indicates that 
learning precedes motivation rather than follows it. Thus, If 
students meaningful learning of science topic content is 
increased (as indicated by 2 and 3 above), one can anticipate 
that their motivation in science also will increase. This 
increased motivation will then feed into repeated cycles where 
students will make more of an effort to learn in the first place. 

• The scientific 1 iteracy framework gives students pract ice in 
their roles as informed citizens . Ts students gain expeHence^in 
relating content to tne societal impact of science, they are 
learning how to make reasonable decisions about the types of 
issues they will face as adults. Increasingly, citizens will be 
called upon to make critical choices on issues with a potential 
social impact, such as the operation of nuclear power plants, 
methods of toxic waste disposal, and strip mining. Teachers who 
provide students with opportunities to debate similar topics and 
guide them in the use of valid scientific and technological 
Information, are helping to prepare them for their roles as adults. 

• Hit scientific 1 iteracy framework gives students information 
tnat is useful for tneir current and Tuture"TT ves . The component 
which relates content to tne personal use of science, for 
example, may provide students with information about the effects 
of diet, smoking, drugs, or aging. Knowledge in these areas can 
Influence students' personal choices for years to come as they 
consider the use of chemical additives in the food they buy, the 
effectiveness of megavi lami ns, the potential harm of smoking or 
alcohol consumption, or the benefits of exercise. Scientific 
literacy, therefore, can help students to be successful consumers 
and to maintain healthy bodies. 
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TRAINING NOTES 
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UHAT IS SCIENTIFIC LITERACY? 
A GUIDEBOOK FOR HIGH SCHOOL SCIENCE TEACHERS 

The accompanying materials are Intended for use with high 
school science teachers. They provide an overview of the concept 
of scientific literacy and encourage the discussion of how this 
concept is an effective framework for teaching and curriculum 
planning. The materials can be used In an Inservlce workshop 
held after school. Within such a format the trainer should 
strive to make sure that teachers understand the main points 
contained in the material and leave the workshop with explicit 
Ideas for using the scientific literacy framework In their own 
classes. The materials also lend themselves to longer dis- 
cussions during an entire Inservlce day or over the course of 
several shorter Inservlce workshops. When more time Is 
available, the trainer has the opportunity to work Individually 
with teachers In recognizing potential links between their 
science curriculum and the scientific literacy components. 

However these materials are used. It must be remembered that 
they present ideas that may be new to some teachers and which, as 
a consequence, may be somewhat confusing. The role of the 
trainer Is to facilitate discussion that demystifies the scien- 
tific literacy components, and provides concrete examples of the 
use of these components In regular science lessons. In so doing, 
the trainer must maintain a balance between uncritically accept- 
ing the Ideas of the participants, and appearing as a dictator- 
ial authority. Often, this balance can be set If the trainer: 

1) Listens careful ly to the confusions of the 
partlcl-' rjts and allows them to express fully 
their «n Ideas — no matter how erroneous; 

2) Responds to these confusions In a matter of fact 
way that focuses on participants' Incorrect Ideas 
rather than on the participants (e.g., "I don't think 
that s what the packet means here." rather than "I 
think you are confused."); and 

3) Allows participants to reject the Ideas expressed 
in the packet, should they wish. 

We believe this workshop can be conducted most successfully 
with teachers who teach the same science courses (e.g., 10th 
grade biology and I2th grade advanced placement physics) and who 
use the same science textbook. The trainer should be familiar 
with the curriculum of the courses taught by the teachers 
attending the workshop and the content of the textbook they use. 
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411 establish a warm, relaxed atmosphere so that teachers 

will feel comfortable discussing new Idea?. If possible, seat 
the participants In such a way that they are able to see each 
other. Begin the workshop by giving the participants an opror- 
tunlty to Introduce themselves and say something about their 
teaching. You might want to ask the participants to tell the 
group what the words "scientific literacy" mean to them, or ask 
them what they like most about teaching science. Then present a 
brief overview of what will be discussed. Use the overhead 
provided to present a visual Image of the scientific literacy 
components. Do not expect that teachers will have read the 
materials before coming to the workshop. Structure your own 
presentation so that teachers have a chance to read the booklet, 
discuss as a group the questions that are posed In boxes, and 
then hear your own summation and discussion of the Ideas. Fre- 
quently ask the participants If they have questions In order to 
clear up misunderstandings as they occur. 

At the end of the workshop, ask teachers to complete the 
workshop evaluation form. Also complete one of the forms your- 
selfsoyou can checkyour own Impressions against those of the 
participants. 
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